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The quaternary structural change of human hemoglobin A (Hb A) was studied by
resonance Raman spectroscopy. The quaternary structural change of Hb A occurs upon ligand
(oxygen, carbon monoxide (CO) and nitric oxide (NO)) binding to hemes and has a close
correlation with oxygen affinity and cooperativity. It is known that no ligand-bound form of
Hb A (deoxyHb A) adopts T (tense) structure with the low affinity extreme and that fully
ligand-bound form of Hb A (COHb A) adopts R (relaxed) structure with the high affinity
extreme. The most important problem to be answered for the quaternary structural change of
Hb is when and how it occurs. However, generally it is difficult to detect a partially ligand-
bound form of Hb A in a solution condition, because most of Hb A molecules are present in
either no ligand-bound form or fully ligand-bound form. Therefore, in this study were
selected the following Hbs in which a partially ligand-bound form can be stabilized in
solution conditions: NOHb, Ni-Fe hybrid Hb, and Hb M Boston.

In Part I the results from ultraviolet resonance Raman (UVRR) studies on NOHb
(aNOpdeoxyy Ni-Fe hybrid Hb (aNipCO and o COBNI) and Hb M Boston (aMmetpCO) wil
be discussed. NOHb has the property that NO binds heme more strongly than CO. As the
dissociation rate of NO is quite different between the o-heme and P-heme, it is possible to
prepare a stable intermediate in which NO is bound only to a-heme. In this case, a condition
of the Fe-His bond can be controlled by pH or addition of IHP: the heme can be made five- or
six-coordinate state. Therefore the author can investigate the effect of the Fe-His bond of a-
heme on the quaternary structural change of tetramer. Ni-Fe hybrid Hb has the property that
CO does not bind to the Ni-heme. In this case, the author can investigate the quaternary
structure of a half ligand-bound form. Hb M Boston has the property that CO does not bind to
ferric o-abnormal chain. Hb M Boston is not exactly the same as Hb A owing to the
difference in a distal residue of a-chain. Recently it is reported that Hb M Boston has
cooperativity at high pH (pH = 9). This suggests that Hb M Boston may induce a quaternary
structural change. The quaternary structure of Hb M Boston in a partially ligand-bound form
can be studied. The largest structural differences between the T and R structures, revealed by
X-ray crystallographic analysis, are located in the a1-B2 subunit interface. In this study an
amount of the T and R structures in the intermediate states of quaternary structural change
was estimated from UVRR spectral changes of the bands of tyrosine (Tyr) and tryptophan
(Trp) residues. The quaternary structural change from T structure (deoxyHb A) to R structure
(COHb A) results in the lower frequency shifts of Y8a and Y9a bands of tyrosine and
intensity reduction of W3, W16, W18 bands of tryptophan.

The results from the measurements of the three Hbs are as follows. The quaternary
structures of partially ligand-bound forms in NOHbD (aNOﬁdeoxy)’ Ni-Fe hybrid Hb
(ocNiBCO) and (aCOﬁNi), and Hb M Boston (aMmetBCO) depend on pH and the absence or
presence of IHP(inositol-hexakis-phosphate), and cannot be described by superimposition of

only T and R structures which are limiting structures. Generally the ligand (CO not NO)
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binding to o-heme causes both lower frequency shifts of the special bands of tyrosine and
intensity reduction of the special bands of tryptophan, but the ligand binding to B heme
causes only the intensity reduction of the special bands of tryptophan, although the ligand
binding to either a0, or BOheme at lower pH (pH 6.3~6.7) in the presence of IHP apparently
causes no spectral change. This suggests that the roles of o-heme and B-heme (their Fe-His
bonds) in the quaternary structural change are different. Binding of NO and CO to a-heme
yields clear difference between the two ligands. Although the special bands of both tyrosine
and tryptophan changed in the case of CO, the special bands of neither tyrosine nor
tryptophan changed by NO even at pH 8.8 in the absence of IHP. This suggests that the
difference in coordination ability between CO and NO influences the proximal His-Fe bond
in a.-heme, which reflects the large difference in the quaternary structural change.

On the other hand, the ligand binding to B-heme can be discussed from another views
when aNiBCO and Hb M Boston (ocMmetBCO) are compared with ocNOBNO, because
aNOSdeOXY showed T structure at even higher pH (pH = 8.8) in the absence of IHP. But
OLNOBNO showed the R characteristics including both the lower frequency shifts of special

bands of tyrosine and intensity reduction of special bands of tryptophan. It is different from
the case of aNiBCO (or aMmetBCO) that the NO (or CO) binding to B-heme in aNOﬁdeoxy
causes the lower frequency shifts of the special bands of tyrosine at lower pH and in the
presence of IHP. The most important difference between onNiBCO (or aMmetBCO) and

aNOBNO is whether the sixth coordination site of a-heme is occupied by a ligand (NO) or
not. This suggests that the quaternary structural change caused by the CO (NO) binding to

B-heme depends on the coordination state in o-heme. The network involving the distal
histidine such as Fe-NO---His in a.-heme may also have a close connection with the change of
tyrosine.

In conclusion of Part I, the change of tryptophan and tyrosine upon the quaternary
structural change due to ligand (CO) binding to a-heme or B-heme can be summarized in the
following way. CO binding to a.-heme causes changes of both tryptophan and tyrosine and the
changes do not depend on the state of B-heme. On the other hand, CO binding to B-heme
causes a change of tryptophan only, but the change of tyrosine strongly depends on the state
of a-heme. Thus, CO binding to a-heme seems to induce the quaternary structural change
more strongly than that to B-heme.

In Part II, the relation between the function and structure of Hb which has very low
affinity and apparently no cooperativity is treated. This type of Hb can be prepared under low
pH in the presence of strong allosteric effector such as bezafibrate (BZF). Generally it has
been considered that binding of ligands to Hb causes a quaternary structural change. However
it is reported that ligand binding of Hb occurs with no cooperativity but that judging from the
'"H NMR signal, the quaternary structural change takes place. To investigate the relation
between quaternary structure and cooperativity, this type of Hb is examined with resonance
Raman spectroscopy.

The quaternary structural change upon ligand (CO) binding was also observed by
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resonance Raman spectroscopy for Hb which has very low affinity and apparently no
cooperativity due to the strong allosteric effector. The R structure in the presence of the
strong allosteric effector was not spectrally different from the R structure of normal HbA.
The effects of strong allosteric effector appeared in a rate of structural relaxation after CO
photodissociation, which is usually of microsecond order. In the presence of allosteric
effector, the structural change from R-structure to T-structure becomes faster. The Fe-His
stretching frequency at 13 ps after CO photodissociation at pH 6.4 in the presence of IHP and
BZF was lower by 5 cm™ than that observed in the absence of the effectors, for which the
number of CO molecules remaining on hemes was estimated to be 2.8. When the number of
CO molecules bound to hemes was changed, the degree of the quaternary structural change
from R-structure to T-structure was also changed. At pH 6.4 in the presence of IHP and BZF
the quaternary structural change from R-structure to T-structure has finished at 4 ps after CO
photodissociation, even if the number of CO molecules remaining on hemes is 3.5. However,
at pH 8.8 in the absence of the effectors the quaternary structural change from R-structure to
T-structure has not been completed at 13 ps, even if the number of CO molecules bound to
hemes is 2.8. This suggests that the quaternary structural change from R-structure to T-
structure occurs between R, and T; at pH 6.4 in the presence of IHP and BZF, and that at pH
8.8 in the absence of the effectors quaternary structural change from R-structure to T-
structure has not been completed yet in 13 ps after CO photodissociation or that T structure
cannot be maintained when the number of CO molecules bound to hemes is 2.8. This indicates
that mixed allosteric effector, IHP and BZF, shifts the transition point of the quaternary

structure from T, — Ry to T; — R,
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A ILITH 150 N—VDEXTENN, F2~BE5EORERE-ZH L L THEO—
MEBICHIRMEIRBINRICHE TS, ThUACATHECELTIROB LR
HLTWAD, TRIETFMHLICREETR TR, FOMBEETF —<CBELT2H0%
XRBEICHRBENTEY, BEXZNL LR ER30HFOMBALFEORINELEBEDOR
RELTHERINTWVWS, LEB>THIXELL LTORNY 7 7S5y FiR+HICEL T
5,

ARXDBBLEEZIANEI oL W 5FORE, ThbbBRNBERES 2T IERN
TOAEBBREICOLRP > TWIKEL, HTRFL L TAE2MBETRENEHAL, £H
ROMBSTEZZPIRTLBHAL TS, £, AMETHEATIXBS v o HRED
B, EICHEAEBT v
DHEOEZDERPBAT NEMBIAHTI2RBEREZE X S AREMIICOVWTHRELTWY
D, TOBRDESZZ Part I & II O 22T bh, Part T TiX U H v K (0, CO, NO)
BEBRBOTHME, Tobb U FRES (28) BELEREDZARY MLERD S
HFELEZOERENPBRRL N,

Part II TRBWT HBRAT Y v 7272/ ¥ —DHFERETFTTANMNT LBEZAOBRIMENS A
ZIRVVIREET S, 4 RBEEPBIIFOSNFEWNIHN L FOREANRE L LR TS,

Part IIZIX 3 DDENEEh, TRLENNBOSFOEFREEN LB S v 227 K
NVOBELZDBRATBREINTVE HFRIIELLZBMBEICLTVWAETELEBETH S,
NETREVYZ e Ty MR2E, Y Ty bR 2BEOTF FF—HFThH BN,
MEBESCHRAMELSH 2O I H Y FEAGOTHBEREZEROICHASITS VD, LEB- T,
SRBETNREREMET VORBRORIEE LIC WV, £ZT, 2@L2Y Hv FaH
ETERVANETRECE300FETHEL, VF YRR eV Ta=y Mo
2R E LIEREOERNMKB T v 27 BRI,

F2EINO R e ~AEEWHMMETHEASTAIEICEEL, pHE2ZE 238 Lo Tan
LD Fe-His (B AF V) BERMNZREBLENTWARWVWRET o & B O REEMEE
MESEIPDEFRILLOTH D, H3ERZEBRE~ES T LU T, ol Ni, BIZ Fe,
HNBZOWOMEET, NN ICIZY A FAKAELERNDOT, Fel U Hr KR 2 BES
LR LBEELTRVWELELTot BOREREIEINEBELNICL, o & BITEMT
FR2WE, NI T T770eFav OB LRRBLARAVES, HLVWEARW 2ok
NHONTWVWE, FA4EITIL I 2—F L FPAESBE L TFe?d Fe¥*~ADRLEE I
2b0E2EV, LLEOHMBEEZBRR L., ZOBEBITZF~LIZIZY H o FBFES LAV,

Part II1 BESEDLTHHN, TBEOFETIEHOKVH LIS WY H Y RS S REIE
EUV—P—REC XDV H L FOXBETOSVHL, #IZIZYHr FASEES LERE
ZREREBELTHT, VAV FREAKE4RBELOEFEEBRL TS, THD R~
DARBEEMBEBOL PAE/ R TREALEBESTFEN 2E L 3EOR cE
ZBM, IHP L BIF L W) 2O T 7 =2/ ¥ —DHEFTTIXIML 4BOHE TR ES
MO TRDITE, TNHBEREGCHRAEIR LN 2VR, 4 KEEELITREI TS,
N7 FRERZLTRHBEVERTHY, TOHRAIZ~E/a U HEOEMFIC
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TOEIICAKBLIIANET O D4 RBEEEENXLB S v AIETHNLHEE L
TEHEHCEREBROLOTHY, B, BEXCHIXELL L TOEELZ+QRIHEZTHOT
HHEVWIBLLEEBOBRRP—H LT,

OMREBRIZH I EMORE, WIBMOERGEL L TERLE, BEFIIFEMR
PAHREZ 1EEThbIr LT <HBHALE, BRIEE T, ~E/0 b0 THENPLRE
E~DEBOBBICBITIBEL OB 2HERL LEORERERICL IS EXL, £
EARBRLTEL o FERCHTHARMELEBRAC, A7 MBROMBER, BEEICO
WThH, ZEMICENICEBL THREZTTO TSI tRbhrol, ELMEEFLLT
DEBZHLELTHL A THIZLRAROLNE, MXIEFBTRINTRY, il
TOEELEEOBRRLLHI LMD, BEAXTS LB LE, - T, ARRARITEH
LWHETEELBEOERD —HLE, AHERTHHAEDORKM TR IXAE ZHIFEICHHA
L, Bt LTELLRELE,
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